The results of the clinical investigationand control of a murine condition associated with heavy Hexamita muris infestation of the small intestine revealed its similarity to murine giardiasis, and suggested a possible pathogenic role of Hexamita muris in mice.
Of the most commonly occurring intestinal flagellates, only Giardia muris is considered to be pathogenic to mice (Kofoid & Christiansen, 1915) . The presence of Hexamita muris and Trichomonas muris in the intestines of mice is well known, but they have not so far been implicated in pathological conditions (Heston, 1941) apart from 2 short recent reports (Sebesteny, 1967; Meshorer, 1968 ). GIARDIASIS In 1965 I observed giardiasis in C3H (C3HjHejIcrf) mice. It appeared when the stock of this strain was expanded from a small nucleus into a colony of about 150 breeding pairs to meet increased demand. It affected up to 25 per cent of freshly weaned mice kept in stock boxes holding 25-30 mice each. When weaned mice were split into smaller groups, its incidence decreased. The occasional adult breeder was also affected.
Affected mice showed a sluggish movement, rough hair and enlarged abdomen but no diarrhoea. Autopsies revealed pale, translucent portions of the small intestines containing yellow or white watery fluid with or without gas bubbles, as described by Kofoid & Christiansen (1915) . In about 50 per cent of cases the liver was pale. The pancreas was invariably oedematous, and in severe cases the abdominal cavity contained clear ascitic fluid. Microscopic examination of fresh small intestinal contents (with an added drop of saline when necessary) revealed large numbers of flagellates which, on the basis of their morphology and typical spinning movement, were identified as Giardia muris. In severe cases the whole specimen appeared to be a moving sheet of tightly packed flagellates.
At the suggestion of Dr L. P. Joyner of the Central Veterinary Laboratory at Weybridge, the condition was treated by the administration of aqueous 0.1 per cent dimetridazole ('Emtryl soluble', May & Baker Ltd, Dagenham, Essex), which is used to treat another flagellate infestation-histomoniasis or 'blackhead' in turkeys. This solution replaced the drinking water and was given ad libitum for 14 days to all C3H mice. All freshly weaned C3H mice have since been similarly treated as a routine. Clinical disease has never reappeared, although the mice still carry small numbers of the flagellates.
HEXAMITIASIS
At the same time another, very similar, condition was brought to my attention, which for years had been causing high losses among freshly weaned C57 (C57/BL/Icrf and C57/BL/Icrf/a t ) mice.
20-50 per cent losses were encountered in 23 to 40-day old weanlings originating from about 600 C57 breeding pairs (this condition was not seen before weaning). Weaned mice were kept in stock boxes in groups of 25-30. Peak mortality among them occurred several times a year and was unrelated to season. Both sexes were equally affected. Poor development, hunched attitude, rough hair and sluggish movement characterised the affected mice. Moribund mice tended to lie on their sides making feeble limb movements. No diarrhoea was observed (nor was infantile diarrhoea before weaning). The appearance of the small intestine of killed affected mice was similar to that seen in giardiasis. In about 10 per cent of mice pancreatic oedema was observed, occasionally together with ascites. In one case oedema extended to the subcutaneous tissues of the whole body.
A similar condition was later recognised in DBA/2, Swiss Schneider and Simpson/Icrf mice.
Laboratory investigations
Bacteriological examination of the small-intestinal contents of 4 affected mice did not show the presence of any of the recognised enteric pathogens. Pasteurella septica was isolated from the small intestine of I affected mouse. A light to moderate infestation with pin7Vorms and Trichomonas muris, comparable in degree with that seen in our' other mouse strains, was repeatedly found in the apparently normal large intestine. In the' affected small intestine Hexamita muris (Fig. la) , dominated the picture. Giardia was also present in small numbers, butin many cases they could not be found, or only after a long search amidst the moving mass of Hexamita. Hexamita muris was distinguished in wet smears from Giardia muris (Fig. Ib) and Trichomonas muris by its fast, straight or zig-zag movement, and by the absence of a sucking disc or undulating membrane. It was identified in Giemsa-stained preparations of dried and methanol-fixed smears of a mixture of equal parts of intestinal content, saline, and serum (from any source), when its 2 nuclei and 8 flagellae were discernible.
In sections of the small intestine, stained with haematoxylin and eosin, the flagellates appeared to fill the Lieberktihn crypts and spaces between the villi. Epithelial damage was apparent in sections taken from tissue fixed within I min of killing the animal (Fig. 2) , and in sections prepared from moribund mice large numbers of bacteria could be seen coating the surface of the villi and extending into the crypts. This may be an early stage of bacterial invasion of damaged epithelial cells. Pale livers showed extensive vacuolation of cells, but no parasites could be seen in the bile ducts or elsewhere in the liver, nor in the sections of affected pancreases, where no change other than oedema was present.
Chemotherapy
Treatment was given for 14 days with 0.05 per cent dimetridazole in the drinking water to 200 recently weaned female mice: 200 males were left as untreated controls (the sex of these groups was decided by current availability). During a period of 17 days, 13 females and 127 males died. The same treatment was then given to all C57 mice, but Hexamita was still found in some mice after treatment. The routine treatment of all freshly weaned C57 mice with 0.1 per cent dimetridazole solution for 14 days was more successful, and this has been maintained to date. Symptoms of Hexamita infestation reappeared in individuals or in small groups of mice, but at such a low rate that the condition was no longer a problem.
Raised environmental temperature
On one occasion a litter of C57 mice was found to be moribund, apparently in the terminal stage of Hexamita infestation. The animal technician placed the box on the warm heating pipes, and within half an hour the mice showed a surprising recovery and were indistinguishable from their healthy contemporaries. This was repeated with the next litter found moribund. Both litters survived to adult age.
A higher environmental temperature may therefore assist mice to combat the infestation. To test this, the temperature of a breeding room housing about 200 breeding pairs of DBA/2 mice, recently found to be affected with the same condition, was raised to 75-80°F (24-26.5°C) in December 1968,   INTESTINAL   FLAGELLATES  IN MICE  75 and medication was discontinued.
The clinical disease has not so far reappeared in this room, although a light infestation of Hexamita has persisted.
Elimination and reinfestation
A hysterectomy-derived and cross-fostered colony of all mouse strains in which flagellate infestation was a problem has been established and maintained within a barrier system for the past 18 months.
The mice in the unit are fed on the same diet used for conventional animals (GR3, obtained from 2 sources: E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire;
B. G. Wyatt Ltd, Furnham Mills, Chard, Somerset) after sterilization with 2.5 Mrad gammaradiation.
No flagellates have been revealed by routine examinations of the intestinal contents and the clinical condition has not yet been recognised within the unit, which houses about 500 breeding pairs (C3H, C57 and DBA/2).
On the other hand a group of Swiss Schneider mice, issued from this unit into an experimental room housing flagellate-infested mice, was noted to be sick and to have a high mortality rate. Autopsies revealed pancreatic oedema, with or without ascites, together with the familiar intestinal lesions in all affected mice. No diarrhoea was observed and the intestinal contents did not yield enteric pathogens on bacteriological examination.
Hexamita muris was observed in a few mice as early as 6 days after arrival in this room.
A uniformly heavy infestation of the stock boxes, together with the appearance of the clinical signs, began 18 days after arrival in the room containing the mice already known to be infested.
DISCUSSION
Several clinical observations suggest that the condition described might be due to the pathogenic effect of high numbers of Hexamita muris in the small intestine.
1. A uniform pattern of oedematous and enteric lesions without diarrhoea, not comparable to any known murine disease other than giardiasis.
2. A favourable response to appropriate chemotherapy.
A favourable response to elevated environmental
temperature to an extent not known in connection with other murine conditions. 4. Absence of the condition from flagellate-free mice of the same strain.
Reappearance
of the condition in flagellate-free mice following reinfestation.
6. Histological evidence of epithelial damage in the infested small intestine.
Taken together, these observations constitute enough evidence to warrant further work in this subject.
Satisfactory proof of the primary pathogenicity of Hexamita muris could only be achieved with a much more detailed and controlled study of the infestation, combined with the systematic exclusion of all other possible pathogens, or by satisfying Koch's postulates.
To prove that some strains of mice are susceptible to high numbers of facultatively pathogenic (and apparently ubiquitous) protozoa, under certain still largely unknown circumstances, cannot be a simple matter. The method of spread and the nature of the pathogenic effects of intestinal flagellates also needs elucidation.
It appears that most mouse strains carry flagellates after weaning, and in weanlings kept in large groups a serious buildup can occur.
Although they have not been seen in suckling mice, some or all might be latently infected from their parents.
On the other hand these parasites are known to produce cysts within the large intestine.
The effective airborne or mechanical transmission of the infestation from cage to cage is demonstrated by the infestation of flagellate-free Schneider mice. The pathogenic action of high numbers of comparatively large motile bodies on the intestinal epithelium might be explained on a mechanical basis. Such action could readily be attributed to Giardia, which is armed with a large sucking disc. However, an intestinal electronmicrograph showing a Giardia trophozoite in a favourable plane did not confirm this (Fig. 3) . Even the microvilli appeared to be intact under the sucking disc, although there was no way of telling whether the parasite was truly attached to the epithelium or, if so, for how long. A direct action of parasites invading the bile and pancreatic ducts on the respective organs is feasible, but so far no conclusive evidence of their presence in these organs has been obtained. Cases of liver damage, ascites and oedema suggest that the possible role of toxic or allergic mechanisms and of nutritional factors should also be investigated.
Hexamita muris has not previously been thought to be pathogenic, although a related species, H. meleagridis, is a well-known pathogen of turkeys, causing intestinal damage, diarrhoea and severe losses (Wehr & Allen, 1943; Slavin & Wilson, 1953) . Other species of Hexamita cause lesions in pigeons (McNeil & Hinshaw, 1941) and in quails.
